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SUMMARY 
 
This paper describes a postal survey of UK Quantity Surveyors to relate 
human factors, such as experience and personality, to early stage 
estimating expertise.  Composite variables were derived by factor analysis 
and examined against estimates of average national prices for several types 
of building. 
 
The results indicate a coefficient of variation of 20.5% (17% mean modulus) 
for the estimates of the 82 respondents.  The analysis suggests that 
expertise does not generalise across generic contract types.  It was found 
that subjects with greater current experience in estimating prices of 
commercial buildings, who thought training, attribution, length of service, 
efficiency and discernment to be important, and who are particularly client 
oriented, tended to overestimate.  Subjects with greater current experience 
in estimating prices of industrial buildings, and who thought cost limits 
and self-discipline to be important, tended to underestimate. 
 
Keywords: Estimating, human factors, expertise, accuracy, early stage 
design. 
 
 
INTRODUCTION 
 
Construction contract price forecasting practice is generally heavily 
dependent on the skill of the forecaster.  This skill is associated with 
other factors affecting the quality of forecasts - the nature of the 
target, information, technique, and feedback - and the personal attributes 
of the forecaster himself combining to provide the general term of 
'expertise' (Skitmore et al, 1990). 
 
Construction professionals (usually Quantity Surveyors in the UK) have for 
a long time claimed superior abilities in construction price forecasting, 
with  "intuitive adjustments" of detailed forecasts thought to account for 
a reduction of four percent in the coefficient of variation of errors 
(Beeston, 1974, p.12).  Research evidence in human factor effects, however, 
is rather limited as the main interest has, until recently, been 
concentrated on the informational aspects involved. 
 
Jupp and McMillan (1981), in the course of research into the effect of 
information on forecasting accuracy, found marked differences between the 
three individual subjects in their studies and, as the best performance 
came from the most senior of the subjects, it was concluded that the degree 
of experience must have been the main causal factor. 
 
Morrison and Stevens (1980) also noticed differences between forecasting 
performance for different types of contracts, attributing the differences 
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in performance to the different degree of forecasters' familiarity with the 
types involved. 
 
Skitmore (1985) found further evidence of significant individual 
performance differences in the twelve surveyors involved in his 
experimental study.  This work examined the relationship between various 
experiential and personality characteristics of the subjects and measures 
of consistency (error variance), bias (mean error), and general accuracy 
(mean square error) in contract price forecasting, concluding that (1) 
subjects with high recall abilities, self-claimed expertise, low mental 
imagery of the physical characteristics of the building, high general and 
specific contract type forecasting experience were the most consistent 
forecasters, (2) self-claimed experts produced the lowest forecasts, (3) 
subjects with high recall abilities, high mental imagery and contract 
experience produced the highest forecasts, and (4) subjects who were more 
relaxed and confident, and more concerned with maintaining familiarity with 
the market and overall price levels than the routine collection and careful 
analysis of detailed information, were generally the most accurate. 
 
This paper describes a further, large scale, study of human factor aspects 
of construction price forecasting by quantity surveyors, executed by means 
of a postal questionnaire.  All references to previous work are, unless 
otherwise stated, to that of Skitmore (1985). 
 
 
THE QUESTIONNAIRE 
 
A comprehensive questionnaire was developed to supplement and extend 
previous findings.  The final questionnaire was eight pages long, took 
between twenty and thirty minutes to complete, and was divided into four 
sections: (1) experience profile, (2) expertise, (3) "ball-park" forecasts, 
and (4) personality inventory. 
 
These component parts were designed to, variously, yield information on the 
general and specific job experience of respondents and their claimed 
expertise in particular areas, their views on factors considered germane to 
forecasting expertise, their 'baseline' pounds per square metre floor area 
of five common types of buildings, and their views on the psychological 
characteristics that they and an ideal forecaster ought to possess.  This 
paper centres on the results concerning the "ball-park" forecasts and their 
relationship with the other factors under study. 
 
 
Section 1. Experience profile 
 
This section asked for age (the mean was 44 years), length of service in 
the profession (mean 25 years) and qualifications obtained. 
 
In a number of recent studies, variables such as these have been found both 
to covary with each other and to give some purchase on other variables of 
interest.  For example, it has been shown that lower age is significantly 
associated with greater stress in the police service even when sex, rank 
and length of service effects are controlled and despite a high level of 
multicollinearity amongst the set of predictor variables; and that the 
level of education significantly differentiates two groups of police 
officers with demonstrably different approaches to their role (Roberts et 
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al, 1988).  However, neither age, service nor type of qualification gave 
any appreciable purchase upon the variables of interest here. 
 
Specific job experience and claimed expertise at forecasting the likely 
cost of a generic class of building contracts were implicated previously as 
important predictors of forecasting accuracy.  Effort was therefore made in 
this phase of the investigation to obtain a much more detailed accounting 
of specific experience and rate current expertise.  The five main contract 
types - Schools, Housing, Offices, Factories and Health Centres - of the 
previous study were retained, but now divided down further into Primary 
Schools, Secondary Schools and other educational; Sheltered Houses, 
Speculative Houses and other residential; Offices, Shops and other 
commercial; Unit Factories, Warehouses and other industrial; Health 
Centres, Old People's Homes and other social/medical.  Respondents were 
invited to indicate the number of each of these sub-categories of contracts 
they had experienced over each of four five-year time periods from 1967 
through to 1986, and also to rate their current expertise at each of these 
contract types on a five point scale between 1 (low) and 5 (high).  By this 
method it was hoped to obtain a more detailed picture of the interplay 
between the two factors of specific experience and claimed expertise. 
 
 
Section 2.  Views on expertise and on accuracy 
 
In the previous study respondents views on expertise, the definition of an 
expert forecaster, the skills required for successful forecasting and of 
the development of these skills were elicited by means of a semi structured 
interview.  Common responses from this exploratory investigation were 
compiled and consolidated into closed-format rating scales for the postal 
questionnaire.  A heterogeneous list of nineteen characteristics was 
compiled, covering a range of different kinds of attributes.  These were 
arranged alphabetically from 'Ability to identify important aspects of 
contract' to 'Training at post-qualification stage' to avoid imposing any 
prior conceptual organisation on the items.  Respondents were asked to rate 
the importance of each item to expertise in forecasting.  Respondents were 
also offered the facility of nominating additional factors and of rating 
their perceived importance on the same scale, but few did so. 
 
The previous study suggested that variations in task factors made little 
difference to forecasting accuracy, with little consensus concerning the 
salience of different items of task information save for gross floor area. 
 Believing that there really must be some aspects of the task, variation in 
which can produce systematic variation in forecasts of likely building 
price, it was decided to pursue this matter at a greater level of 
generality than previously, requesting rating of more overarching factors 
such as complexity of contract and site characteristics.  Accordingly a 
list of thirteen such factors was generated, randomly ordered and displayed 
for respondents with the request that they rate the importance of each on a 
five point scale from 1 (low importance) to 5 (high importance) and that 
they do this both in general terms and separately for each of five specific 
contract types - Primary school, Sheltered housing, Offices, Unit factories 
and Health Centres. 
 
Opportunity was also taken within this section of the questionnaire to 
investigate respondents perceptions of the effects of cost planning on 
prices and, concomitantly, the extent to which the presence or absence of 
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cost planning was seen as affecting likely forecasting accuracy.  
Respondents were asked to indicate both 'in general' and for the five 
generic building contracts - Primary school, Sheltered housing, Offices, 
Unit factories and Health Centre - what accuracy level they anticipated for 
forecasts with cost planning and, subsequently, for forecasts without cost 
planning. 
 
 
Section 3:  Gross cost forecasts of five building contracts 
 
The previous investigation had found forecaster factors - such as claimed 
expertise - which appeared to covary with differences in accuracy quite 
independently of the number of items of task information selected or past 
contracts consulted.  We now wished to investigate whether such influences 
would also be found in the absence of any additional pieces of task 
information.  Accordingly, our respondents were requested to give "a quick 
'ball-park' estimate" for each of the five generic building contracts 
provided only with the category of contract and the gross floor area.  As a 
corrective against regional variations in building contract prices, 
respondents were advised to "assume that each is located in your own 
geographical area" and an appropriate correction was subsequently applied 
to normalise all responses in line with information subsequently available 
on regional variations at the time the forecasts were made.  This allowed 
straightforward comparisons between the responses of each subject with them 
all reduced to a common base.  In addition, to ensure that all respondents 
were undertaking identical tasks, they were further advised to "make each 
estimate at current prices, exclusive of fees, furniture and land".  We 
could thus be reasonably certain that any variability between respondents 
was not due to some including and others omitting the costs associated with 
these factors. 
 
 
Section 4:  Actual and ideal personal characteristics of forecasters 
 
It was of interest to determine whether any reliable relationship could be 
found between forecasting ability and indices of personality.  The final 
part of the questionnaire was designed to metricate two aspects of this 
matter, firstly how our respondents rated themselves on a number of 
standard personality dimensions, and secondly whether there was any 
consensus amongst them over the personal characteristics which contributed 
to making accurate forecasts.  For the first of these aims, the sixteen 
core dimensions of Cattell's 16PF personality inventory were used.  
However, the 16PF was too lengthy an instrument to include in full and, in 
any case, many of the items of a personality inventory can be viewed as 
somewhat intrusive by those required to complete them.  To overcome this 
problem, respondents were provided with sixteen bipolar scales from 
'Assertive ... Accommodating' to 'Undisciplined ... Controlled' and a seven 
point scale and invited to rate themselves for each contrast. 
 
Respondents were also invited to consider ten personal traits or 
characteristics and to rate how important they felt each to be "for an 
ideal forecaster".  They were again provided with a seven point scale, this 
time ranging between two labelled end-points, namely 'Not important' and 
'Very important'.  A number of candidate traits were considered for 
inclusion in this instrument, the final list comprising Careful, Clever, 
Confident, Co-operative, Critical, Fast, Flexible, Knowledgeable, Pleasant 
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and Tough.  These characteristics were taken as representing a number of 
factors known to be involved in gaining entry to the occupation of 
forecaster and in carrying out the business of forecasting for clients 
whether as part of a large concern or as sole principal of a small 
business. 
 
Administration 
Using information obtained from the Royal Institute of Chartered Surveyors 
(RICS), a quota sample of recipients was drawn up ensuring that recipients 
were selected from all regions of England.  A covering letter requested 
assistance with the contract and asked that the questionnaire be completed 
by the member of staff in the organisation who 'most usually' undertook 
contract price forecasting.  Approximately 700 questionnaires were 
distributed in late 1986.  A number were returned uncompleted with 
explanations that whilst in membership of RICS, the firm or office engaged 
in one or more other aspects of chartered surveying practice but did not 
undertake forecasting work.  A total of 82 completed returns were received 
and analysed. 
 
 
RESULTS 
 
The completed questionnaires gave rise to a considerable array of raw data, 
amounting to more than 200 variables in all.  For the purposes of detailed 
analysis, the array was reduced wherever possible by generating factor 
scores, which were then systematically substituted for the original 
variables.  These factor analyses were carried out by means of the program 
BMDP4M (Dixon et al., 1985), using the available default options and 
adopting a VARIMAX rotation criterion throughout.  The factors thus 
obtained were on the whole quite readily interpretable; hence, the factor 
scores derived from them could be treated as the weighted composite scores 
of the relevant groups of variables. 
 
 
Analysis 1:  Forecasts 
 
Subjects were asked to give a "quick 'ball-park' estimate" for the five 
contract types.  They were instructed to "assume that each is located in 
your own geographical area", and to make each estimate "at current prices, 
exclusive of fees, furniture and land".  The mean forecasts are shown in 
Table 1, together with standard deviations and coefficients of variation. 
 
A number of transformations were now applied to the raw forecasts.  The 
scores were first divided by the given gross floor area of each contract 
type, to yield cost per square metre.  They were then standardized for 
month of estimate, using the national average prices for February to June 
1987.  Each datum was multiplied by the ratio of the appropriate value for 
June and the appropriate value for the month in which that particular 
questionnaire was returned, thus adjusting the whole database to the level 
of June 1987 prices.  A further adjustment was then made to take account of 
geographical variation in prices, and each datum was divided by an 
appropriate regional coefficient. 
 
The means, standard deviations, and coefficients of variation for the 
transformed forecasts are shown in Table 1.  The relationship between the 
transformed forecasts and the national average prices for June 1987 was 
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explored in two ways.  Firstly, the signed proportional national average 
value from each datum, and then dividing by the same value.  This 
calculation expressed the extent to which each estimate was greater than or 
smaller than the national average price for June 1987 for the relevant 
contract type.  Secondly, the absolute proportional differences were 
calculated, to express the extent to which each estimate differed from the 
appropriate national value, regardless of the direction of the difference. 
 The means and standard deviations for these signed and absolute 
differences are shown in Table 1. 
 
The correlation matrix for the signed values produced significant positive 
values in all cases.  The squared multiple correlation (SMC) of each of 
these variables with the other four is significant in al cases (p < 0.001). 
 A composite measure of proportional estimate size was then obtained by 
factor-analysing the five signed difference scores defined above.  A single 
significant factor emerged, accounting for 51.7% of the variance. 
 
Factor scores were generated, and since all five contract-specific signed 
difference variables yielded high positive loadings these were assumed to 
index relative estimate size (RES).  The distribution of the factor scores 
was positively skewed. 
 
 
Analysis 2:  "Best-subset" predictors of relative estimate size 
 
The sequence of analyses reported here was carried out using the program 
BMDP9R (Dixon et al., op. cit.), a multiple regression routine which 
identifies the "best" subset of predictor variables (defined as the subset 
for which Mallows' CP statistic is minimized).  This procedure was applied 
successively to an array of factor scores, with RES as the dependent 
variable in each case. 
 
(1)RES was first regressed on a pool of recent experience factor scores.  
The best subset was residential experience, but this was 
non-significant (R = 0.1364; F = 1.29; df = 1.68; p > 0.05).  It was 
concluded that there was no systematic relationship between RES and 
recent experience.    
 
(2)The same dependent variable was now regressed on subjective expertise 
factor scores.  The best subset consisted of commercial expertise and 
industrial expertise, accounting for 14% of the variance (R = 0.3750; 
F = 5.56; df = 2, 68; p < 0.01).  The beta coefficients for these two 
variables were 0.200 and -0.315 respectively, indicating that scores 
showing high commercial expertise were generally associated with high 
relative forecasts, and scores showing high industrial expertise with 
low relative forecasts. 
 
(3)RES was then regressed on factor scores for rated importance of 
forecaster characteristics.  The best subset included training, 
attribution, and experience, accounting for 10% of the variance (R = 
0.3157; F = 2.77; df = 3, 75; p<0.05).  The beta coefficients were 
all positive (0.197, 0.195 for training, attribution, and experience 
respectively), suggesting that scores showing a tendency to rate 
training, attribution, or experience as important characteristics for 
an forecaster were associated with high relative forecasts. 
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(4)Regression on the factor scores for task elements yielded no significant 
effects.  RES was therefore regressed on an alternative set of factor 
scores given by the task-specific importance ratings.  The best 
subset here consisted of the client and cost limits, and accounted 
for 9.7% of the variance (R = 0.3120; F = 3.88; df = 2, 72; p<0.05). 
 The beta coefficient for cost limits was negative (-0.204), 
indicating that scores showing higher ratings of cost limits 
importance were associated with lower relative forecasts. 
 
(5)RES was then regressed on scores derived from the subjects' own 
personality ratings.  The best subset consisted of self-discipline 
alone, accounting for 6.3% of the variance (R = 0.2507; F = 5.17; df 
= 1, 77; p<0.05).  Not surprisingly, the beta coefficient was 
negative (-0.251), indicating that subjects whose scores showed that 
they rated themselves as highly self-disciplined were also those who 
tended to give lower relative forecasts. 
 
(6)RES was then regressed on a set of scores derived from trait importance 
ratings for an ideal forecaster.  The best subset combined efficiency 
and discernment, and accounted for 8.2% of the variance (R = 0.2869; 
F = 3.45; df = 2, 77; p<0.05).  Both beta coefficients were positive 
(0.189 and 0.216 respectively), showing that the subjects who rated 
efficiency and discernment as being very important characteristics of 
an ideal forecaster were also those who made high relative forecasts. 
 
(7)The variables which appeared in the various best subsets were then 
pooled, and a multiple regression carried out.  The program BMDP1R 
was used first, to compute the proportion of the variance in RES 
accounted for by the pool as a whole.  The squared multiple 
correlation was found to be 0.3055, which was significant (F = 2.414; 
df = 10, 55; p<0.02).  The analysis was then repeated, using the 
program BMDP2R to adopt a stepwise procedure.  Three of the eight 
independent variables were retained in the final equation, namely 
industrial expertise, experience, and discipline, thus accounting for 
20% of the variance (R = 0.4468; F = 5.16; df = 3, 62; p<0.01).  It 
was therefore concluded that the relative size of the subjects' 
forecasts was significantly predicted by a weighted combination of 
(i) the amount of self-attributed expertise in industrial contracts, 
(ii) the extent to which experience is regarded as an important 
factor in forecasting, and (iii) the amount of self-attributed 
discipline (see Table 2). 
 
 
SUMMARY AND CONCLUSIONS 
 
A series of analyses investigated the extent to which the accuracy of 
"ball-park" forecasts were predictable from responses to various 
items on a questionnaire.  A factor score combining the forecasts for 
five specific contract types was used as the predictor variable.  The 
following results were obtained for each of the separate sections of 
the questionnaire:- 
 
(a)Recent experience.  Variations in the amount of recent experience gave 
no significant purchase on variations in the size of forecasts. 
(b)Current expertise.  Variations in current commercial expertise and in 
current industrial expertise had statistically significant 
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influence on variations in the size of forecasts.  
Specifically, high ratings for current commercial expertise 
were associated with high forecasts (overestimations) while 
high ratings for current industrial expertise were associated 
with low forecasts (underestimations). 
(c)Personal characteristics contributing to expertise.  Variations in 
estimate size were significantly predicted by a combination of 
the independent effects of 'training', 'attribution' and 
'length of service'.  All were positively weighted 
contributions, indicating that forecasters who tended to rate 
training, attribution and length of service as important 
contributors to expertise in forecasting tended towards high 
forecasts (overestimation). 
(d)Task elements.  The combination of 'client' and 'cost limits' was the 
only set of task elements to covary significantly with estimate 
size, and the two were keyed in opposite directions, with high 
importance accorded to 'client' being associated with high 
forecasts (overestimations) and high importance accorded to 
'cost limits' associated with low forecasts (underestimations). 
 Presumably according high importance to both of these 
simultaneously results in their effects cancelling out and a 
more accurate estimate being achieved. 
(e)Personality ratings.  The 'self-discipline' factor was the only element 
of this set to achieve statistically significant purchase on 
variations in estimate size, and high scores here were 
associated with low forecasts (underestimation). 
(f)Ideal forecaster characteristics.  The combination of the independent 
effects of 'efficiency' and 'discernment' achieved 
statistically significant purchase on variations in estimate 
size.  Both elements showed a positive association, such that 
high scores on the rated importance of both were indicative of 
high forecasts (overestimations). 
 
It may be seen that a tendency towards underestimation (compared to 
regionally adjusted national average prices) is associated with self-
rated current expertise on industrial contracts, with a high relative 
rating for the importance of cost limits amongst task factors and a 
score that is a high relative to the rest of the sample on the self-
discipline aspects (serious, controlled) of one's own personality.  
Two of these three may clearly be regarded as 'person factors' and, 
indeed, all three are subjective expressions of opinion.  Conversely, 
a tendency towards overestimation is associated with self-rated 
current expertise in commercial contracts, with the view that pre- 
and post-qualification training, attribution of expertise by self and 
others and time served in the profession are important contributors 
to expertise in forecasting, with a high relative rating for the 
importance of the client amongst the set of task factors, and with 
ratings that are high relative to the rest of the sample for the 
importance of efficiency and discernment in the make-up of an ideal 
forecaster.  Again, all are subjective matters and testify to the 
importance of 'person factors' in variations in estimations. 
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Table 1:Mean forecasts, standard deviations, and coefficients of variation 
for 5 contract types.  
 
   School Houses Offices Factory Health Centre  
 
Raw 
Mean  271360 780822 5791106 369132   231818 
SD    47393 101735 1697527  84247    47778 
CV    0.175  0.130  0.293  0.228    0.206 
 
Pounds per Square Metre 
Mean  469.087 393.099 513.086 259.562   553.743 
SD    90.021  53.008 122.612  64.258   117.779 
CV     0.192   0.135   0.239   0.248     0.213 
 
Difference for National Average (signed) 
Mean   -0.131  -0.057  -0.159  -0.089    -0.065 
SD      0.167   0.127   0.201   0.225     0.199 
 
Difference for National Average (unsigned) 
Mean    0.177   0.113   0.216   0.202     0.164 
SD     0.116   0.081   0.137   0.132     0.129 
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Table 2:Summary of stepwise regression of relative size of estimate on the 
pooled subset of predictor factor scores.  Original variables having high 
loadings on the factors are shown.  
 
Variables Load  Factor characterisation   Beta  
 
Factories 0.91 
 Industrial expertise  -0.330 
Warehouses 0.90 
 
Time in profession0.90  Experience important   0.290 
 
Serious  0.87 
      Self-rated discipline  -0.242 
Controlled 0.56 
 
